Limnoperna fortunei, or the golden mussel, invaded South America through the Río de la Plata estuary in 1991. The size-selective predation on this bivalve by freshwater decapods crustaceans could be an important part of selective trophic behavior because shell sizes are correlated with the flesh contents and their resistance to being broken. The aim of the paper was analyze the size selective predation by the freshwater crab Zilchiopsis collastinensis Pretzmann, 1968 on different sizes of the invasive bivalve L. fortunei. We considered three combinations (AC, AD and BD) of equal numbers of three different shell lengths of mussels: A (small) = 7 to 10.99 mm, B (medium) = 11 to 14.99 mm and C = 15 to 18.99 mm and D = 19 to 22.99 mm (large). These combinations were offered to each adult female intermolt crab individually, and the number of mussels remaining was registered after one, two and 24 hours to evaluate prey-size selection. After this trial, ten female crabs were recorded preying on two different sizes of mussels (A and C) in combination (AC), and we registered the selective feeding behavior (feeding methods and time of predation) with each size of mussel. The results indicated that female crabs ate different sizes of golden mussels, showing an increased consumption of large mollusks after 24 hours, although these sizes demanded higher predation times. Large mussels were encountered at the first time (one and two hours) by the crabs, and these mussels were consumed successfully in the combination AD. These female crabs showed several alternative strategies to access the flesh and were efficient in handling large mussels, presenting an advantageous degree of plasticity for their predatory responses. L. fortunei could be a new food resource for adult Z. collastinensis females, and it could be responsible for a new interaction "native predator-invasive prey" in the system.
INTRODUCTION
The macrocrustaceans, specifically those of the order Decapoda, are a numerically dominant group with active participation in the community. The order is represented by seven families in South America (Magalhães and Türkay, 1996; Collins et al., 2007) . Ten species of crabs of Trichodactylidae are recognized in the Plata Basin, and a number of them are represented at high densities and biomass (Collins et al., , 2006b ). These species are principally omnivores that facilitate energy exchange between aquatic and terrestrial systems, being predators of several types of organism and the prey of fish, reptiles, birds, and mammals (Williner and Collins, 2002; Collins et al., 2006a Collins et al., , 2007 ). The study of the trophic ecology of the decapods has considered the integral interpretation of the feeding process, including the time and method of localizing, capturing, handling, and consuming prey (Elner, 1978; Gibson et al., 1995; Hughes and Seed, 1995; Ray-Culp et al., 1999; Giri and Collins, 2004) . Regarding predation behavior of decapods, the literature suggests that crustaceans possess the potential to learn and remember specific information about their prey (Roudez et al., 2008) ; some crabs remember chemical stimuli that they learned while search-that L. fortunei is consumed by local predators, including birds, aquatic mammals and fishes (Montalto et al., 1999; Penchaszadeh et al., 2000; Cantanhêde et al., 2008) . The larval and young mussels are predated upon by young fish and invertebrates, such as leeches, gastropods, and crustaceans (Sylvester et al., 2007) .
Tricodactylid decapods could be potential consumers of mollusks as has been recorded in others decapods (Juanes, 1992; MacIsaac, 1994; Micheli, 1995) . However, this type of predation is difficult to evaluate in the natural environment because of cloudy water, the habit of crabs to hide in caves and vegetation and the absence of shell in the stomach contents analysis . Nevertheless, in experimental studies, predation on L. fortunei by small size decapods, such as Trichodactylus borellianus Nobili, 1896 and Aegla uruguayana Schmitt, 1942 , has been recorded (Collins et al., in press ). The feeding behavior by large crabs on this bivalve could be different because of the energy requirements of the crab, which are related to their size and strong oral appendages and chelipeds. One of the species of large freshwater crabs that lives in our system is Zilchiopsis collastinensis Pretzmann, 1968 . This crab lives in caves and belongs to Trichodactylidae. It is distributed throughout Paraguay, Bolivia, Brazil, and Argentina, and is important for processing detritus by consuming vegetal remains and invertebrates (Collins, in press ).
This invasive bivalve in the Plata system is becoming a new food resource for local decapod populations, possibly altering some characteristics of these populations. The size of this mollusk could be a limiting factor in selective trophic behavior because shell sizes are correlated with flesh contents and resistance to being broken. Predators select their food in relation to the structure and size of prey (Hughes and Seed, 1981; Micheli, 1995) . Numerous studies on trophic behavior and prey selection on mollusks by marine crabs have been conducted Seed, 1981, 1995; Juanes and Hartwick, 1990; Ebersole and Kennedy, 1995; Micheli, 1995; Smallegange and Van der Meer, 2003) ; nevertheless, knowledge about selective trophic behavior on mollusks by freshwater decapods is still scarce (Gordon and Corkum, 1994; Lara and Moreno, 1995) . Gordon and Corkum (1994) and MacIsaac (1994) studied the predation of a crayfish, Orconectes propinquus Girard, 1852 on the zebra mussel, Dreissena polymorpha Pallas, which is an invasive mollusk in the northern hemisphere that presents a impact similar to that produced by L. fortunei in South America . The objective of this study was to analyze the size selective predation and feeding behavior by the freshwater crab Z. collastinensis on different sizes of the invasive bivalve L. fortunei.
MATERIALS AND METHODS Field Collection and Laboratory Maintenance
Adult female crabs (Z. collastinensis) and mussels (L. fortunei) were collected by hand in Setúbal pond (31°36 55 S, 60°38 34 W), which is part of the Middle Paraná River system, between September and December 2010. Only female crabs were used in order to avoid sexual differences among sample crabs. Moreover, the chelipeds of female crabs are more similar in size than those of male crabs, and females can be collected without damage to their chelipeds because they do not usually fight, unlike males, which have agonistic behaviors (Sneddon et al., 1997) . Crabs and mussels were transported in polystyrene containers, which contained water from the natural pond system, to Bioassay laboratory at Instituto Nacional de Limnología (INALI). The organisms were transferred to aquariums for acclimatization and were maintained in controlled laboratory conditions (20°C temperature and 12:12 hour light:dark photoperiod). The crabs were fed ad libitum pellet food and the flesh of fish and mollusks with algal cultures.
General Trials
We utilized four size groups for the invasive bivalve ranging from A (the smallest) to D (the largest): 7 to 10.99 mm shell length (size A, the smallest); 11 to 14.99 mm shell length (size B, medium size); and 15 to 18.99 mm and 19 to 22.99 mm shell length (size C and D, respectively, the largest). These size groups were chosen based on the size ranges of L. fortunei in the natural environment (Maroñas et al., 2003) as well as studies that distinguish between different sizes of other bivalve species to analyze size-selective predation (Hughes and Seed, 1981; MacIsaac, 1994; Micheli, 1995; Smallegange and Van der Meer, 2003) . These size of L. fortunei corresponded to adult specimens because these mussels present sexual differences after reaching 5 mm in shell length (Darrigran and Damborenea, 2006) . The trials were all conducted in aquaria that were 70 cm × 20 cm × 30 cm. Each aquarium had an individual crab and the temperature and photoperiod conditions mentioned above.
Prey-Size Selection Experiment A total of twenty four female intermolt crabs that ate during the acclimation periods were individually used in prey-size selection experiments. They had a carapace width (CW) of 56.9 ± 2.44 mm (means ± standard deviation) and a major right cheliped length (QRL) of 46.6 ± 4.32 mm (means ± standard deviation).
Three combinations of two different invasive bivalve sizes were offered to each crab in the prey-size selection experiments. These combinations were considered as three treatments (AC, AD, and BD). In each treatment, the crabs were offered five mussels of each size. These combinations were used to avoid combinations of consecutive size ranges, while allowing the crabs to differentiate between sizes and allowing us to observe the feeding behavior related to each mussel size. Between offering each combination, the crabs were starved for 5 days to standardize hunger levels (Smallegange and Van der Meer, 2003 ). Undamaged mussels were offered to each crab by spreading them on the bottom of each aquarium (Juanes and Hartwick, 1990) . After offering the first combination (AC), the number of mussels consumed and the number remaining were recorded after one, two, and 24 hours. Next, we began the other treatments (AD and BD). The crabs were tested a once after the offer the three combinations (Eggleston, 1990; Wong and Barbeau, 2006) .
Selective Feeding Behavior
We recorded preying on two different sizes of mussels to evaluate selective feeding behavior after the prey-size-selection trials: ten female crabs with 54.8 ± 3.30 mm carapace widths, and 47.3 ± 4.52 mm major right cheliped lengths. The combination AC, with five mussels from each bivalve size (five of A and five of C, with a total of ten mussels) was offered to each crab and the selective feeding behavior was recorded for one hour with each crab with a movie camera (Take-7, Digital Multi Player, DMP-2000, Daewoo DC). A total of 10 observations of one hour each (10 hours) were recorded to register the different methods of feeding. The methods registered included searching, catching and handling mollusks; handling included the strategies of breaking shells and handling the tissue to be ingested (Elner, 1978; Hughes and Seed, 1995; Ray-Culp et al., 1999; Giri and Collins, 2004) .
In addition to recording the methods of feeding, the predation times of crabs feeding on the AC size combination were recorded. The times were evaluated following the methods of Eggleston (1990) and Giri and Collins (2004) , and these times were adjusted according to the characteristics of the crabs in this study. We determined the breaking time of shells, the handling time of tissue to be ingested and ingestion time. The breaking time was considered to be the sum of all breaking attempts with the right cheliped; therefore, this time was evaluated only for mussels that were broken this way.
Data Analyses
Chesson's selectivity index (1978) was calculated for each size of mussel to determine which size was selected by crabs among those offered in each combination. The selectivity index was utilized in other studies of size selective predation by decapods on mussels (MacIsac, 1994; Aronhime and Brown, 2009) . The formula applied was:
where i = 1, 2, 3, . . . , m for m food types; r i = the proportion of food type i in the diet; and n i = the proportion of food type i in the environment. Values greater than 1 m indicate preference for a certain size. In this study, two mussels size were included in each combination; therefore 1 m = 1 2 = 0.5. According to the data obtained, we applied non-parametric statistical tests. Preferences of consumption of each size of mussels in each combination were tested by the Wilcoxon test for two dependent samples (W). This test was used with the consumption data at 24 hours and at the first and second hour. Prey foraging times registered between each size were analyzed with a Wilcoxon test for two dependent samples.
This test was used to analyze the differences between the different times employed with each size of mussel data that showed non-parametric form and the T test for two dependent samples for parametric times data adjusted to a normal distribution (Marques de Sá, 2007) .
RESULTS

Prey-Size Selection Experiment
The female crabs ate more large mussels (C and D) than small (A) and medium (B) mussels in the three combinations at 24 hours (Fig. 1) . They ate 1.55 ± 1.33 mussels (mean ± standard deviation) of size A and 2.77 ± 1.59 mussels (mean ± standard deviation) of size C in the AC combination, showing statistically significant differences between sizes (Wilcoxon signed rank test; Z = −3.508, P < 0.0001) Fig. 1 . Number of mussels consumed (mean and standard deviation, SD) during 24 hours by female crabs of Zilchiopsis collastinensis. A, AC combination; B, AD combination; C, BD combination.
Size A, Size B, Size C, Size D. Statistically significant differences, * Wilcoxon, P < 0.05; ** Wilcoxon, P < 0.0001. (Fig. 1a) . The crabs ate a mean of 1.83 ± 1.61 mussels (mean ± standard deviation) of size A and a mean of 3.50 ± 1.46 mussels (mean ± standard deviation) of size D in the AD combination, showing preference for the largest mussels (Wilcoxon signed rank test; Z = −3.567, P < 0.0001) (Fig. 1b) . In the BD combination, the crabs also selected the largest size and ate 2.72 ± 1.77 mussels (mean ± standard deviation) of size B and 3.55 ± 1.50 mussels (mean ± standard deviation) of size D (Wilcoxon signed rank test; Z = −2.579, P = 0.010) (Fig. 1d ). These values are the accumulation of all data of consumption during 24 hours, including the feeding during the first and second hour ( Fig. 1) . After the first hour during which the crabs exposed to the mussels for the first time, the feeding selection was statistically significantly different within the AD combination, in which the size difference of the mussels was greater than in the other two combinations (Table 1) (Fig. 2b ). For this combination in the first hour, the crabs consumed more mussels of large size D than mussels of small size A (Fig. 2b ). In the others combinations (AC and BD), the crabs did not show statistically different consumption of different sizes of mussels (Table 1) (Fig. 2a, d ). After the second hour, the differences in the feeding selection were non-significant in all three combinations (Table 1) (Fig. 2 ).
Selectivity Index
According to the Chesson selectivity index, a positive selection for large mussels (C and D) was presented in each combination during 24 hours (Fig. 3a) . Nevertheless, at the first and the second hour, there was a negative selection for both sizes of mussels in each combination (Fig. 3b) ; however, the selectivity indices were higher for size C and size D than size A at the first hour (Fig. 3b ).
Selective Feeding Behavior
Of the total encounters with both sizes of mussels (A and C), 79.03% of these encounters were successful and 20.97% unsuccessful. The unsuccessful encounters occurred in attempts to catch the prey. In these encounters, the mussels were caught by the left cheliped, but the crabs could not hold the mussels effectively and these mussels fell from the cheliped. We also observed unsuccessful events when mussels were caught effectively by the crabs, but when these were brought to the maxillipeds and to the mouthparts (maxillas and mandibles), they were rejected immediately. Other causes of unsuccessful events also were due to the breaking stages with the right cheliped during which the bivalves fell from the cheliped when the crabs attempted to break them with right cheliped. These causes of unsuccessful encounters were observed in similar proportions with the two sizes of mussels (A and C). Methods of Searching.-In successful encounters, the total number of mussels consumed was 94 (34 to size A and 60 to size C). In these encounters, 70% of the crabs utilized their pereiopods to localize the bivalves and moved their antennae quickly before the catch. After this action, we considered the catching of the prey and the methods of handling (breaking shells and handling the tissue to be ingested).
Methods of Catching.-In 96.9% of successful encounters, the mussels were taken the first time with the left cheliped. The use of right cheliped was observed when crabs held other mussels with the left cheliped, but the mussels were transferred to the left cheliped quickly. Considering total encounters (unsuccessful and successful), we observed that at the first encounter, 80% of crabs took large mussels of size C and 20% took mussels of size A.
Methods of Handling (Breaking Shells and Handling Tissue to Be Ingested).-We considered two strategies of breaking shells: breaking with the maxillipeds (BM) and with the right cheliped (BRQ) and five strategies of handling the tissue: handling with the maxillipeds while breaking with the right cheliped (HMRQ), handling with the left cheliped and the maxillipeds (HMLQ), handling with the maxillipeds while scraping shells with the maxillas (HMMx), handling with the maxillipeds and mouthparts (HMM), handling by holding with the right cheliped and tearing the tissue with the left cheliped (HRQLQ) (Figs. 4, 5) .
Breaking with the maxillipeds (BM) was observed in the handling of size A, and it was detected in 90% to crabs tested. This method of breaking mussels of size A continued in 19.3% of the total successful encounters (Fig. 4) . Breaking with the right cheliped (BRQ) was observed in 65.3% of the successful encounters with mussels of size C. However, this strategy was also observed with small size mussels but in a lower percentage than BM events (15.3%) (Fig. 4) . Considering all the crabs tested, 100% of the crabs used the right cheliped to break shells of mussels of both sizes. This type of breaking happened when crabs held the bivalve with the left cheliped and with the maxillipeds, while the right cheliped used force to position the mussels near the dactyl pivot. We observed that 80% of crabs positioned the mussels in a way that pressure was applied dorso-ventrally on the mussel's highest point. A smaller percentage of crabs applied pressure laterally on the mussel shells. This way of breaking the shells was achieved by several series of repeated loading by the chelipeds at the same place on the mussel shells.
We registered five strategies of handling mussels to access the tissue to be ingested. The HMRQ happened when the crabs held the bivalve with the left cheliped and broke the shells with that right cheliped, and, at the same time, the maxillipeds positioned and handled the mussel to extract the tissue with the mouthparts (Fig. 5a ). This behavior was observed in all the crabs tested and in all cases where the crabs used their right chelipeds for breaking shells (15.3% of size A and 65.3% of size C) (Fig. 4) . The HMLQ was considered the handling of the broken shells with the left cheliped and the maxillipeds, while the tissue was extracted with the mouthparts (Fig. 5b) . This strategy was registered in 100% of the crabs tested and was related with the two strategies of breaking mentioned above; the strategy was observed in 16.1% to the size A and 5.9% to the size C (Fig. 4) . In 80% of the crabs tested, we observed the shells being held only with the maxillepeds, while the maxillas scraped the shells to extract the tissue (HMMx) (Fig. 5c ). For this strategy, the crabs performed upswings of the cephalothorax and downswings of maxillipeds to create traction with the tissue and scrape it with the maxillas (Fig. 5c ). This strategy happened mainly with large mussels (37.6%) and in a smaller percentage with small mussels (1.0%) (Fig. 4) . In 90% of the crabs tested, we recorded shells remains being held with the maxillpeds, while tissue was extracted with the mouthparts (HMM) (Fig. 5d) . This strategy occurred when crabs broke size A mussels with the maxillipeds (19.38%) and with the right cheliped (15.3% to size A and 8.1% to size C) (Fig. 4) . In 50% of the crabs tested, we recorded tissue being torn with the left cheliped of the broken shells while being held with the right cheliped (HRQLQ) (Fig. 5e ). This strategy was observed only in the handling of size C mussels in 6.12% of the successful encounters (Fig. 4) .
In respect to the breaking of shells and the handling the edible tissue, we observed several series of breaking (successive and intermittent) and the inspection of shells remains in 80% to the crabs tested. For the final feeding, we recorded large and small shells remains. Many of these remains were crushed, and, in some cases, we did not observe the elimination of shells. Also, we did not note damage in the chelipeds of the crabs after the feeding.
We observed that the strategies of handling the tissue were related to the strategies to breaking. Figure 4 shows the sequences of the strategies of breaking and handling the tissue that were observed during the predation on two sizes of L. fortunei by the female crabs Z. collastinensis.
For the time of predation crabs feeding on two sizes of mussels (A and C), we considered the breaking time of the shells (when mussels were broken with the right cheliped), the handling time of the tissue to be ingested (when the crabs used their maxillipeds at the same time that they broke mussels with their right cheliped, HMRQ), and the ingestion time (when the crabs also used the strategy of handling HMRQ). The breaking time was considered to be the sum of all breaking attempts with the right cheliped (intermittent periods). The handling time of tissue to be ingested was considered to be from the first moment where the crabs used their right cheliped to break the bivalves to the moment when shell remains were released. The ingestion time was considered to be the total time from the first contact with the mussel to when the shell remains were released. It should be noted that the handling time included the breaking time and the ingestion time the total time, including handling and breaking.
The predation times spent on each size of mussel are shown in the Table 2 . These times presented large variability but were significantly different for sizes A and C. Therefore, crabs used more time in breaking shells, handling the tissue and ingesting large mussels (C) than did small mussels (A) ( Table 3) .
The breaking time, handling time and ingestion time were significantly different and were on the rise from the breaking time to ingestion time (Table 4) .
DISCUSSION
Prey-Size Selection
In the present study, we showed that adult female Z. collastinensis can feed on different sizes of the invasive bivalve L. fortunei, selectively consuming more large mussels than small and medium mussels during a 24-hour period. There are some records of a species of a crab, Callinectes sapidus Rathbun, 1896, feeding on L. fortunei on the Plata River (Cesar et al., 2003) . Other studies with native freshwater decapods and invasive bivalves, such the crayfish Cambarus bartonii Fabricius, 1798 and the Asiatic mussel Corbicula fluminea Müller, 1774, which was introduced to Table 3 . Results of Wilcoxon signed rank test between times of the process predation (in seconds) to female crabs of Zilchiopsis collastinensis feeding on two sizes (A and C) of the invasive bivalve Limnoperna fortunei. Statistically significant differences, ** P < 0.01. United States, showed that crayfish can consume small and large sizes of this mollusk (Covich et al., 1981) . Also, the freshwater crayfish O. propinquus ate small, medium and large mussels of the invasive bivalve D. polymorpha when they were offered in combination. In contrast to our results, this crayfish showed a strong preference for the smallest bivalve (Gordon and Corkum, 1994; MacIsaac, 1994) . However, the larger mussels were attacked preferably compared with smaller mussels (MacIsaac, 1994) , but this author evaluated prey size selection during post-contact behavior and not during pre-contact of large prey. The same result was found with the marine crab Carcinus maenas Linnaeus, 1758, which preferred small Mytilus edulis Linnaeus, 1758 mollusks in the final encounters, but in the initial encounters it attacked large and small sizes with equal frequency (Ameyaw-Akumfi and Hughes, 1987) . These comparisons with other studies, which utilized different species of mussels and other crustacean species, also distinguished between different sizes of bivalve species in relation to decapods sizes. According to moments of contact with prey, the female crabs selectively consumed larger mussels on the first encounter (at the first hour). This behavior was reflected statistically in some cases and descriptively in others (AD and AC, respectively). Although the Chesson index did not show selectivity, in some case, we observed differences in the index values (AD). It could be that the index included data with zero values of consumption (when crabs did not consume), and this inclusion probably decreased the Chesson index values. The result could also be due to adult female Z. collastinensis crab distinguishing between, at the first moment of contact with prey, the mussels that presented greater differences in their sizes. In this sense, as suggested by Hughes and Seed (1995) , the attack of the predator depended on the visibility or visual accessibility of the prey. This accessibility could be a result of strong visual stimuli, as large mussels can hide small prey. Furthermore, the encounter rate with small prey could be lower than with large prey because of lower detectability (Holzman and Genin, 2005) . Some studies suggest that color and visual cues are important mnemonic aids for learning in invertebrates, helping the predator to recognize the localization and quality of their resources (Luchetta et al., 2008) . The quick predatory response of some decapods to a new prey item could be explained by either a visual and/or mechanical response (Renai and Gherardi, 2004) , or to a chemical cue (Oliveira Ramalho and Anastácio, 2011) . Selective attention is considered to be a central mechanism underlying search-images where the previous experiences of a predator with a particular prey type trigger selective attention to specific features of the prey (Ishii and Shimada, 2010) . The crab Cancer irroratus Say, Table 4 . Results of Wilcoxon signed rank test and the T-test between times of predation (in seconds) to female crabs of Zilchiopsis collastinensis feeding on each size (A and C) of the invasive bivalve Limnoperna fortunei. Statistically significant differences, ** P < 0.01.
Combination Times of the process predation
Times of predation
Size of mussels Z T P 1817 uses chemical stimuli that are learned while searching for prey and uses this memory to select items similar to those consumed previously. Therefore, this crab increases its response to the familiar smells of prey (Ristvey and Rebach, 1999) . According to the results of this study, the crabs were able to consume mussels of different sizes successfully at the first moment of exposure. They could have been familiarized with this invasive bivalve by detecting it with their sensory responses and developing a search image. A study of invasive and native crayfishes showed that these organisms seem to form a search image of familiar prey as the result of either visual or chemical perception changes (Renai and Gherardi, 2004) . Other studies showed that the red swamp crayfish quickly identified a novel prey as a potential prey and started to actively search and handle it (Oliveira Ramalho and Anatácio, 2011). The literature suggests that crustaceans possess some memory capabilities and learning potential, but these abilities differ among species (Hazlett et al., 2002; Roudez et al., 2008) . In this study, Z. collastinensis not only detected all sizes of mussels and consumed them, but also at first encounter it also was able to distinguish between mussels that had large differences between their sizes and select the largest. The selection by adult female of Z. collastinensis of large mussels after 24 hours in all combinations may be explained by optimal foraging theory (OFT) (MacArthur and Pianka, 1966) . Large prey are more susceptible to predation than small prey, even though, from the perspective of the prey, being large at a given life history stage results in a survival advantage through reduced predation rates (Rice et al., 1993) . Elner and Hughes (1978) showed that C. maenas fed on M. edulis in a laboratory according to the proposal of the optimal foraging theory. In contrast, freshwater crayfish species exhibited size-selective predation where consumption levels decreased with increasing size of an invasive snail on which they fed (Olden et al., 2009 ). Juanes and Harwick (1990) , Juanes (1992) and Smallegenge et al. (2008) observed that many marine decapods preferentially consume small mussels because the largest mussels cause damage to the crabs' chelipeds when the crab is breaking the mussel. In this sense, preference for small mollusks by some decapods is common (Ameyaw-Akumfi and Hughes, 1987; Juanes and Hartwick, 1990; Juanes, 1992; Smallegange and Van der Meer, 2003; Aronhime and Brown, 2009; Wong et al., 2010) .
The size selection of large mussels after 24 hours could be because the crabs may have learned to handle large sizes efficiently during successive encounters (Micheli, 1995) . Also, the crabs could have developed a search image by visual stimuli or chemoreceptors to recognize these large mussels (Ristvey and Rebach, 1999) .
The selectivity for large bivalves also could be related to the observation that crabs exhibited difficulty in handling small prey . Therefore, food-size selection by larger predators might result in the depletion of larger individuals of L. fortunei (Nakano et al., 2010) . This hypothesis indicates that the increase in mussel sizes could be directly related to the crab size (Enderlein et al., 2003) , to their cheliped length and to the force necessary to break shells (Boulding, 1984) . In freshwater species, small decapods, such as Trichodactylus borellianus and Aegla uruguayana, were registered as only consuming small (size A) and medium mussels (size B) of L. fortunei (Collins et al., in press ).
Selective Feeding Behavior
The adult female crabs of Z. collastinensis showed several alternative strategies for accessing the flesh and were efficient in handling large mussels, presenting an advantageous degree of plasticity for their predatory responses.
According to the successful encounters, these crabs achieved consumption of a large number of mussels. The numbers of catch attempts were similar for both sizes, but the crabs found a greater percentage of large mussels than small mussels in the first encounters that resulted in successful consumption. This behavior did not occur in the same way with the consumption of D. polymorpha by the freshwater crayfish O. propinquus because unsuccessful predation was usually associated with large mussels rather than small mussels (MacIssac, 1994) . The author explained that large mollusks are more laborious to handle and, therefore, are rejected. Nevertheless, these large mussels were found at the first time more frequently than the small mussels. Similar to Z. collastinensis, this crayfish localized the mussels with pereiopods (MacIssac, 1994) . In other species of decapods, such as the marine crab C. sapidus, the encounter rate with large mussels was less than that observed with the small mussels, and the small mussels were preferentially consumed. Also, the proportion of successful encounters in C. maenas decreases with the increase of the mollusk size (Dare et al., 1983) . Therefore, Z. collastinensis was efficient in handling large sizes of the invasive bivalve L. fortunei, and these large mussels could be successfully consumed by the crabs.
Regarding the detection of the mussels, the movements of the antenna and the scoring of the bottom with the pereiopods in this crab are behaviors that have already been observed in other decapods (Hughes and Seed, 1981; Martin and Felgenhauer, 1986; Juanes and Harwick, 1990; Wong et al., 2010; Jensen, 2011) .
With respect to the methods of handling, the adult female crabs of Z. collastinensis presented heterochely, and they utilized each cheliped depending on the different predation strategies. It also was observed in the crab C. maenas, which presented different chelipeds morphologically and functionally for feeding (Elner and Hughes, 1978) .
Regarding the strategies of breaking shells, the females of Z. collastinensis in this study utilized their maxillipeds to break the small mussels and to hold the shells, while accessing the edible tissue with their mouthparts. This approach was also observed in freshwater crayfishes feeding on small novel snails (Olden et al., 2009 ), but it was not observed in other crabs mentioned in other studies (Elner, 1978; Hughes and Seed, 1981; Juanes and Harwick, 1990; Smallegange and Van der Meer, 2003) . This behavior could be evidence of some plasticity in these crabs, which show several alternative methods to open and access mussels. In this manner, these appendages could have increased the decapods' efficiency in handling the large prey.
Breaking the shells with the right cheliped of Z. collastinensis is a behavior already observed in marine decapods feeding on large and small mussels (Hughes and Seed, 1981; Juanes and Harwick, 1990; Smallegange and Van der Meer, 2003) . Elner and Hughes (1978) described five methods the crab C. maenas broke and opened different regions of mussel shells. In contrast with this study, the crabs only used two different strategies to break shells. The crabs broke large mussels with their right cheliped only on one region, the medial region of the bivalve by applying dorso-ventral pressure. This strategy was also observed in the marine crab C. maenas but less frequently compared to breaking the lateral position (Elner and Hughes, 1978; Ameyaw-Akumfi and Hughes, 1987) . This strategy could be a possible explanation for the efficacy of the crabs studied in handling large size of L. fortunei. Zilchiopsis collastinensis did not need to break the mussels at different regions, and they pressed the shells in the dorso-ventral manner, opening the bivalve entirely. This behavior resembles breaking a nut through the margin to make the aperture more effective. To break shells, the crabs positioned the mussel near the dactyl pivot, as was observed in other crabs . Furthermore, the low concentration of calcium that L. fortunei requires should also be considered (Karatayev et al., 2007) to interpreted this behavior. This low calcium requirement could explain the effectiveness of the freshwater crabs in breaking and handling these mussels (large and small). It also could explain why crabs did not present damage to their chelipeds after breaking the shells, as was observed in others studies (Juanes and Harwick, 1990) .
The several series of breaking in Z. collastinensis also were observed in others decapods feeding on mussels, and other authors have called these series "intermittent periods" (Juanes and Harwick, 1990) . Similar to Z. collastinensis successively breaking mussels in the present study, the marine crab C. productus Randall, 1839 showed several attempts of breaking with the right cheliped in the same region of the bivalve. Boulding and Labarbera (1986) argued that these short and repetitive attempts of breaking mussels at the same place cause muscle fatigue, thereby increasing the possibility of the crabs breaking and consuming large mussels. The same observation was first registered by Elner and Hughes (1978) , who suggested that the crab C. maenas is not sufficiently strong to break large shells in one attempt, and it opens mussels through events of "microbreaking." Thus, this behavior could explain the efficiency of Z. collastinensis in consuming large mussels successfully.
With respect to handling the tissue to be ingested, we observed five strategies by Z. collastinensis. Of these five, HMLQ and HRQLQ were the behaviors most similar to those observed in others decapods (Elner, 1978; Hughes and Seed, 1981; Juanes and Harwick, 1990) . However, these strategies in the present study were observed after the shells were broken when the mussels were already destroyed. In contrast, as observed in marine crabs, these strategies were seen when the mussels were not broken, and, furthermore, these crabs utilized their pereiopods to help handle the prey (Elner, 1978; Hughes and Seed, 1981; Juanes and Harwick, 1990) . The other handling ways recorded in this study were not observed in others crabs.
Considering that these handling strategies were preferably utilized with large mussels more than small mussels, these strategies could explain the efficiency of predation and selection of large mollusks by Z. collastinensis. The efficiency in the handling mussels adds to the several strategies of Z. collastinensis and could be related to behavioral plasticity. In this manner, the adult female freshwater crabs studied showed certain familiarization with this invasive prey, detecting all sizes of them, including their preferred size and showing skills in predation. This plasticity could be a specific advantage, presenting variability in the crabs' responses. Thus, the types of conditions that can guide the variable feeding behaviors were categorized as either the risk of predation, the availability of resource or sociability. When these characteristics are added to the behavior variability, they are considered to increase the advantages of the plasticity (Hazlett, 1995) . Furthermore, when dealing with spatial and temporal variability of prey species, predators may optimize their capture rates if they have behavioral plasticity (Ishii and Shimada, 2010) . The tissue of mollusks has a high energy value because it tends to reserve more carbohydrates than lipids, resulting in water and proteins in the fresh tissues (Orban et al., 2002) . Furthermore, the searchimage formation can be considered to be adaptive, allowing a predator to forage more efficiently when a particular prey is locally abundant. Also, the relative advantage of learning will be maximized when a predator species forages on different prey over successive generations or spatially when individual predators encounter various prey species in different habitat patches (Ishii and Shimada, 2010) ; the latter case is relevant to the present study because the crabs used feed on a wide range of items in an environment with variable conditions (Collins et al., 2006a) .
Regarding the predation time that the adult female crabs spent on each size of mussel, the crabs used more time in breaking shells, handling the tissue and ingesting large mussels than small mussels. Similar observations were registered in studies with the crayfish O. propincus feeding on D. polymorpha; that is, small zebra mussels required less handling time before being ingested than medium mussels (MacIssac, 1994) . A similar pattern was observed in freshwater crayfish feeding on non-native snails (Olden et al., 2009) . Marine crabs also required more time in opening, consuming and handling large mussels than small mussels (Hughes and Seed, 1981; Juanes and Hartwick, 1990; Smallegange and Van der Meer, 2003) . In the present study, the consumption of large mussels reflects an investment by the crabs, which prefer an increase in the energetic contents of prey despite an increase in the handling time (MacIsaac, 1994) . Although large mussels demand more handling time, it is possible that adult females of Z. collastinesis select this size of mollusks because the cost, in terms of the handling time and the energy required to open and consume the mussel, does not exceed the nutritional gain (Enderlein et al., 2003) . The selection of large sizes of L. fortunei by adult female crabs of Z. collastinesis could offer nutritive benefits to the diet of crabs because the large mussels have more dry tissue weight than small mussels (Sylvester et al., 2007) ; this tissue would bring more biomass and energy to the diet of these decapods. Furthermore, with similar frequencies, the crabs would detect in an indistinct way different types of items and invest more time in the breaking of one preferred prey rather than a prey that demanded less time but was not selected (Micheli, 1995) .
Ecological Implications This study showed that this freshwater crab was able to feed on all sizes of mussels offered. Therefore, female crabs of Z. collastinesis can feed on adult mussels that are from one half to two and a half years old (Maroñas et al., 2003) . In natural environments, the predation on these ages of mussels could be an ecologically important point because adults L. fortunei favor larval recruitment and settlement (Sardiña et al., 2009) .
The availability of this invasive bivalve L. fortunei could be considered to represent a new trophic resource for these native crabs. This study showed that the adult female crabs of Z. collastinensis acted as active predators of the mollusk introduced, and they can consume a wide range of bivalve sizes. These crabs showed that they could form a searchimage that permits them to handle this exotic prey efficiently. Furthermore, female crabs use different strategies of breaking and handling depending on the mussel size. These decapods prefer large mollusks because they bring them more maximization energy, and the crabs find them more frequently than small mussels. Invasive species produce ecological and genetic impacts in the system, and the interactions with native species can be direct (predation, herbivore, parasitism, competence and mutualism) or indirect (habitat alteration and trophic cascades among others) (Sakai et al., 2001) . Rapid ecological changes can occur in response to the invasive species. L. fortunei invaded basin continental waters of the La Plata River around 1989; therefore, it is already becoming part of the ecosystem, being found in the diet of many native predators (Montalto et al., 1999; Penchaszadeh et al., 2000; Cantanhêde et al., 2008; Paolucci et al., 2010) . Thus, the selectivity on large mussels during 24 hours, the consumption of all sizes at the first time and the skills of predation on this invasive bivalve by the female Z. collatinensis could be explained by a familiarization that these crabs may already have with the mollusks; the responses to a prey item increase with the experience and with the sensitivity of predator (Ristvey and Rebach, 1999) . These observed responses could be the result of times that these mussels were encountered in the system. During these times, the crabs could have learned to handle this prey, thereby presenting an advantageous degree of plasticity to their predatory responses. Previous studies also have shown that non-native species in the classes Gasteropoda and Bivalvia may constitute new prey sources and energetic pathways in freshwater ecosystems (MacIsaac, 1994; Olden et al., 2009; Nakano et al., 2010) . The results of this study also support the view that this invasive bivalve could be a new resource for Z. collastinensis, and the results could be interpreted as evidence of a new interaction between a native predator and an exotic prey.
Studies of the interactions of invasive species and their native predators are complex and include a number of important influencing variables. Relatively little is known about trophic relationships between native decapods predators and their possible new bivalve resources (Covich et al., 1981; Gordon and Corkum, 1994; MacIsaac, 1994; Ejdung et al., 2009) , such as the invasive bivalve L. fortunei (Cesar et al., 2003) . Beyond the contributions of this work, it is necessary to explore other dimensions and variables surrounding this interaction, including the following factors: the trophic selectivity between others native items and this invasive bivalve; the importance of L. fortunei in the crab's diet in natural conditions and how it varies with season and hydrosedimentological conditions; the trophic selectivity of these mollusks by males of Z. collastinensis; and the energetic content of L. fortunei and the total biomass per organism.
